(Received for publication January 5, 1990) The actinomycins constitute a family of chromopeptide antibiotics containing an aminophenoxazinone chromophore attached to two pentapeptide lactone units of variable amino acid content1}. It was postulated as early as 1956 that the final step in the biosynthesis of an actinomycin involves the oxidative condensation of two molecules of a 3-hydroxy-4-methylanthraniloyl (4-MHA) peptide lactone2) (Fig. 1) . Subsequently, several total syntheses of actinomycins were reported employing chemical oxidation to achieve the same transformation1\ Evidence for a biosynthetic role for this reaction includes the isolation of the enzyme, phenoxazinone synthase (PHS) from Streptomyces antibioticus, which catalyzes the oxidation of various o-aminophenols to the corresponding phenoxazinones3). Thus, with 4-MHA as substrate, actinocin (the actinomycin chromophore) is formed.
Several actinocyl peptides, representing portions of the antibiotic molecule, were similarly produced from the corresponding 4-MHA peptides4). In addition,
in vivo experiments have shown that 3-hydroxy-4-methylbenzoic acid is a strong inhibitor of actinomycin production by Streptomyces chrysomallus5). Novel compounds, shown to accumulate in the presence of this 4-MHAanalogue, were identified as 3-hydroxy-4-methylbenzoyl pentapeptide lactones. Since these compounds lack the oamino group of 4-MHA, they are unable to oxidize to actinomycins.
We now report the in vitro formation of actinomycin D (AMD)in mg quantities from a synthetic 4-MHA peptide lactone (1, R = Thr-D-ValPro-Sar-MeVal lactone) when incubated with a cellfree extract of S. antibioticus. The AMDwas purified from reaction mixtures by silica gel chromatography and shownto cochromatograph with authentic AMDby TLC and HPLC. It was characterized by UV-VIS and IR spectroscopy and by 252Cf plasma desorption MS(PD-MS). Difference spectra with calf thymus DNAwere identical with those of authentic AMDand the antimicrobial activities (vs.
Staphylococcus aureus and Bacillus subtilis) were comparable ( Table 1) . A similar experiment was performed using an analogue (2) Thus the postulated natural precursor (1) extractions with EtOAc the extracts were washed with aqueous NaCl, dried (Na2SO4) and evaporated. The residue was chromatographed on a column of silica gel (Merck, grade 60, 230~400 mesh) with and then on acid-washed alumina7) with EtOAc. After evaporation in vacuo AMDwas obtained as a red solid (1 1 mg). TLC on silica gel with EtOAc-EtOH (9 : 1) gave a single red spot alone or mixed with authentic AMD (Rf0.63). HPLC8'9) on Novapak C18 (5/mi) with 55% acetonitrile gave a single peak (Rt 8.7minutes) alone or mixed with authentic AMD. UV AS?H nm (e) 240 (33,000), 445 (25,000). IR vmax 
Conditions for the Assay of Phenoxazinone Synthase
The enzymatic assay as described previously3* is based on the increase in OD at 443nm due to formation of actinomycin. Incubations were performed in a recording Gil ford spectrophotometer at 37°C. The reaction mixture contained 2 jumol of substrate, 250/xmol of acetate buffer (pH 5.3), enzyme and water to a total volume of 3ml. Incubations were carried out for 10minutes, and reaction rates were measured during 5~10 minutes.
Antimicrobial Activities (MICs) ofActinomycins S. aureus or B. subtilis was inoculated into 50ml of Trypticase soy broth (TSB; BRL, Baltimore) and incubated overnight at 37°C. Each culture (0.1 ml) was then inoculated into fresh TSB medium (50 ml) and reincubated for 8 hours at which time 0.1 ml of the rapidly growing culture was mixed with an additional 50ml of TSB medium. The diluted cultures (0. 1 ml) were employed for determinations of the MICs in 2ml ofTSB medium.
